The zebrafish (Danio rerio) is emerging as a new important species for studying mechanisms of brain function and dysfunction. Focusing on selected central nervous system (CNS) disorders (brain cancer, epilepsy, and anxiety) and using them as examples, we discuss the value of zebrafish models in translational neuroscience. We further evaluate the contribution of zebrafish to neuroimaging, circuit level, and drug discovery research. Outlining the role of zebrafish in modeling a wide range of human brain disorders, we also summarize recent applications and existing challenges in this field. Finally, we emphasize the potential of zebrafish models in behavioral phenomics and high-throughput genetic/small molecule screening, which is critical for CNS drug discovery and identifying novel candidate genes.
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The developing utility of zebrafish in neuroscience research Native to Southeast Asia, the zebrafish (Danio rerio) has become a popular model organism in biomedical research (Figure 1 ). Multiple advantages of using this species in biomedicine include high physiological and genetic homology to mammals, external fertilization, rapid development, transparency of embryos and larvae, ease of genetic and other experimental manipulations, as well as cost-and space-effectiveness [1] [2] [3] [4] [5] [6] . Detailed analyses of the strengths and limitations of zebrafish models in biomedical research and their relevance to neuroscience have been provided in recent literature [7] [8] [9] [10] [11] [12] [13] , and are briefly summarized in Table 1 (also see Glossary).
Review

Glossary
Altered early proto-oncogene expression: analyses of the CNS expression of early proto-oncogenes (e.g., c-fos), a useful tool in zebrafish neuroscience. Activation of c-fos expression in the whole brain samples is frequently seen in zebrafish following pro-excitatory pharmacological modulation (e.g., by convulsant agents, Figure 3 , or by selected psychostimulants and hallucinogens [27, 48, 111] ). c-fos expression can also serve as a marker of neuronal activation, and is assessed more specifically in different brain regions, therefore providing functional mapping of brain activity in response to various acute or chronic challenges (see section on zebrafish circuitry for examples). Brain c-fos can be upregulated in zebrafish following exposure to alarm pheromone, predators, and/or novelty stress. Behavioral phenomics: an emerging field of neuroscience that integrates multidisciplinary behavioral, physiological, and genomics research, aiming to understand the complex phenotypic consequences of genetic mutations and environmental manipulations [58] at the level of the organism (such as zebrafish). An important goal of zebrafish behavioral phenomics is to increase the ability to measure and dissect various phenotypes (e.g., by using HTS and test batteries). Endocrine stress responses: zebrafish possess a well-developed neuroendocrine system, generally highly homologous to that in mammals [7, 112] . The zebrafish stress neuroendocrine (hypothalamo-pituitary-inter-renal, HPI) axis is similar to the human and rodent hypothalamo-pituitary-adrenal (HPA) axis, and releases cortisol following stress exposure ( Figure 1C ). Zebrafish cortisol responses generally correlate with behavioral indices of stress, and may be modulated experimentally (e.g., genetically or pharmacologically, Table 1 ) [24, 25, 94, 107] . Methods to assess cortisol in zebrafish (including both adult [94] and larval [113] fish) include ELISA or radioligand binding assays using whole body, blood samples, and/or urine-containing water samples, where applicable. Genetic tools: the zebrafish has been successfully utilized in 'forward genetics' (FG), an approach that includes the generation of random mutations (typically using chemical mutagens, such as ethylnitrosourea, ENU), with subsequent screening for phenotypical alterations [7] . FG aims to identify, based on the detected altered phenotype, novel genes whose protein products play roles in the phenotype of interest. ENU has allowed researchers to generate a large number of zebrafish mutants, and screening such mutants yielded important discoveries about the mechanisms of embryonic development, as well as larval and adult behavior and brain function. However, ENU-based FG studies require laborintensive linkage analysis-based positional cloning to identify the mutated gene. New alternative methods, including viral vector-based insertional mutagenesis or gene breaking transposon-based mutagenesis, have now been developed, enabling the identification of genes involved in neurobehavioral phenotypes more efficiently [7] . The goal of 'reverse genetics' (RG) is to characterize the function of known genes. Although mouse homologous recombination-based gene targeting using embryonic stem cells is a powerful RG method, it is not feasible for the zebrafish. Nevertheless, new technologies may revolutionize gene targeting as they enable more efficient targeted mutation of genes in zebrafish. One such method is the transcription activator-like effector nuclease (TALEN) technology that utilizes custom-designed artificial restriction endonuclease-like enzymes cutting at user-defined nucleotide sequences, specific to the target gene. Other RG approaches, successfully validated in zebrafish, include the morpholino knockdown and the 'targeting induced local lesions in genomes' (TILLING) system [7] .
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